cccDNA is the template for viral replication in hepatocytes. There are complex interactions between the HBV DNA level, HBsAg titer, and cccDNA replication markers. [6] A reduction in the cccDNA level after antiviral therapy can reduce the HBsAg level. Clearance of HBsAg is a marker for significant reduction in cccDNA level. [7, 8] Quantification of HBsAg has been demonstrated to have a high predictive value in CHB patients receiving pegylated interferon-based therapy. [9] Recent studies also indicate that serum HBsAg levels can predict treatment response to NAs. [10, 11] However, information concerning HBsAg dynamics during long-term NAs treatment is limited. [12] [13] [14] The NAs vary in resistance barrier and the strength with which they suppress HBV DNA. ETV, a high-potency oral drug, has been shown to efficiently inhibit HBV DNA replication over a prolonged medication time in CHB patients. [15, 16] However, the kinetics of HBsAg during long-term (>5 years) ETV treatment remain unknown. Because of this primary requirement, we recruited CHB patients who had received ETV treatment for at least 7 years and who had responded favorably to ETV.
Methods

Study subjects
This retrospective study was performed in China. Demographic data were collected from consecutive patients' outpatient service records at the Department of Infectious Diseases of Peking University First Hospital (China). From September 2006 to December 2007, 61 consecutive patients who were chronically monoinfected with HBV were treated with ETV monotherapy. No patient had received interferon-alpha or NAs for at least 6 months prior to ETV treatment. Liver cirrhosis was diagnosed by clinical criteria. The inclusion criteria were as follows: age above 18 years, mono therapy with ETV, and maintained virologic suppression during continuous ETV therapy. The exclusion criteria were as follows: switched to or added another antiviral drug because of poor virological response or virological breakthrough, follow-up time of <7 years, decompensated liver cirrhosis (Child-Pugh class B/C), hepatocellular carcinoma, liver transplantation, co-infection (hepatitis C virus and HIV), causes of liver disease other than HBV, and immunosuppressive treatment.
For the initial treatment, patients received ETV at a dose of 0.5 mg daily. Other patients who had received LAM before the study received ETV at a dose of 1.0 mg daily.
The study was in compliance with the Helsinki Declaration and was approved by the Medical Ethics Committee of Peking University First Hospital. All enrolled patients provided written informed consent.
Laboratory measurements
Liver biochemistry, HBV serological markers, serum HBV DNA, and HBsAg titers were measured before (baseline) and after 3 months, 6 months, 1 year, 2 years, 3 years, 4 years, 5 years, 6 years, and 7 years of ETV therapy.
After overnight (12 h) fasting, venous blood was drawn to determine the serum levels of alanine aminotransferase (ALT) using an automatic biochemical analyzer. Serology markers for HBV, antibody to HBsAg; hepatitis B e antigen (HBeAg); and antibody to HBeAg were measured by enzyme-linked immunosorbent assay (Abbott Laboratories, Chicago, IL, USA).
Serum HBsAg titers were measured using the Elecsys HBsAgII quant assay (Roche Diagnostics, Branchburg, NJ, USA) with a detection limit of 0.05-52,000 IU/ml. Serum HBV DNA levels were determined using the COBAS ® TaqMan assay (Roche Diagnostics) with a detection limit of 20 IU/ml.
The HBV genotype was determined by direct sequencing of the preS/S gene. HBV DNA was amplified as previously described. [17] Polymerase chain reaction products were sequenced in both directions using the Big-Dye Terminator version 3.1 Cycle Sequencing kit on the ABI 3730 sequencer (Applied Biosystems, Foster City, CA, USA). HBV genotypes were determined by comparing the generated preS/S gene sequences with prototype sequences from the GenBank using a web-based genotyping tool (National Center for Biotechnology Information).
Definitions
According to the European Association for the Study of the Liver clinical practice guidelines, [18] biochemical response was defined as normalization of serum ALT level (≤40 IU/L). Virological response was defined as undetectable HBV DNA during the treatment period (≤20 IU/ml). Partial virologic response was defined as a decrease in HBV DNA of more than 1 log 10 IU/ml, but detectable HBV DNA after at least 6 months of therapy in compliant patients. Virological breakthrough was defined as a confirmed increase in the HBV DNA level of more than 1 log 10 IU/ml compared to the nadir (lowest value) HBV DNA level during therapy.
Statistical analysis
Statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, IL, USA). Continuous variables were expressed as mean ± standard deviation (SD) or median (interquartile range). We assumed that the HBsAg titers followed a log-normal distribution. Correlations between different clinical parameters were performed using Spearman rank correlation analysis. The Mann-Whitney U-test was used for continuous variables. Repetitive measure analysis of variance (ANOVA) was used to analyze HBsAg titers at different time points. The interaction between HBsAg and factors was assessed using multivariate testing with repeated measure ANOVA. A value of P < 0.05 was considered statistically significant.
results
After applying the selection criteria mentioned above, 47 (77.05%) patients with ETV maintained satisfactory virologic suppression during at least 7 years of continuous monotherapy. Among the remaining patients, 4 (6.56%) patients stopped antiviral therapy after achieving a virological response, 4 (6.56%) patients had a virological breakthrough, 1 (1.64%) patient added ADV, 1 (1.64%) patient stopped treatment because of a partial virological response, 2 (3.28%) patients did not take regular medication, 1 (1.64%) patient switched to LdT because of pregnancy, and 1 (1.64%) patient died of pneumonia. Among all patients, only four patients (6.56%) had cirrhosis (Child-Pugh class A). Their baseline characteristics are shown in Table 1 .
Response to treatment
The cumulative ALT normalization rates in patients with an abnormal baseline ALT (n = 41) at 3 rd month, 
Changes in hepatitis B surface antigen titers and factors associated with hepatitis B surface antigen reduction
The average baseline serum HBsAg level of 47 patients was 3.85 ± 0.76 log 10 IU/ml. Baseline serum HBsAg levels was positively correlated with baseline HBV DNA level (r = 0.625, P < 0.001). The baseline serum HBsAg level was not correlated with other factors. Figure 1b shows the changes in serum HBsAg level during the 7-year treatment period. The mean serum HBsAg titer continuously decreased during the treatment. The average HBsAg titer after ETV treatment was significantly reduced when compared to the baseline titer (P ranges from 0.025 to 0.000,000,6). Among the 47 patients, the median rate of HBsAg reduction from baseline to the 7 th year was 0.12 log 10 IU/ml per year. The HBsAg reduction rates were 0.17, 0.06, 0.03, 0.03, 0.11, 0.02, and 0.14 log 10 IU/ml, respectively, after the 1 Baseline and during-treatment factors that were associated with HBsAg reduction are shown in Table 2 . Multivariate testing with repeated measures ANOVA analysis identified one baseline factor (age, P = 0.003) and two during-treatment factors (HBeAg seroclearance at 6 months, P = 0.002; HBsAg reduction ≥0.5 log 10 IU/ml at 6 months, P = 0.012) that were significantly associated with HBsAg reduction. The changes in HBsAg levels in relation to those significant factors are shown in Figure 2a -2c.
HBeAg seroclearance at 6 th month was detected in 7 (18.42%) patients. Thirty-one of 38 (81.58%) patients did not achieve HBeAg seroclearance at 6 th month and 30 of those 31 (96.77%) did not achieve HBsAg seroclearance. In contrast, 2 of the 7 (28.57%) patients who achieved HBeAg seroclearance obtained the ultimate goal of HBsAg seroclearance. Failure to achieve HBeAg seroclearance at 6 months has a negative predictive value for HBsAg seroclearance of 96.77% and a positive predictive value of 28.57% [ Figure 3a] . We also tested for HBsAg reduction ≥0.5 log 10 IU/ml in the 47 patients at 6 th month of treatment. Once more, failure to achieve a drop in serum HBsAg had a negative predictive value for HBsAg seroclearance of 96.77% and a positive predictive value of 18.75% [ Figure 3b ].
Hepatitis B surface antigen loss
The kinetics of serum HBsAg titers for the four patients (8.51%) who achieved HBsAg seroclearance are shown in Figure 4 . Patients 15, 28, and 44 were baseline HBeAg-positive, with HBeAg seroconversion occurring after 2.00, 0.25, and 0.50 years and with HBsAg seroclearance occurring after 3.00, 0.25, and 5.00 years. Patient 26, who was baseline HBeAg-negative, achieved HBsAg seroclearance after 5 years of ETV treatment. Before HBsAg seroclearance, these four patients had an average serum HBsAg reduction rate of 2.01, 18.68, 0.91, and 0.62 log 10 IU /ml per year, respectively.
dIscussIon
ETV has been applied for the clinical treatment of CHB patients in China since 2006. [19] However, few studies have investigated the kinetics of serum HBsAg titers during long-term ETV treatment of HBV mono-infected patients. Our present study included patients who had received ETV monotherapy for 7 years and who had responded satisfactorily. Those patients who switched to or added other antiviral drugs were excluded. The included patients would be ideal to study the kinetics of serum HBsAg titer during long-term NA therapy and the factors that are associated with the efficacy of NA treatment, for example, HBsAg seroclearance.
In this cohort, 47 patients still had undetectable HBV DNA after 7 years of treatment. This finding of response to ETV treatment is consistent with previous studies, [20] and confirms that ETV is a potent NA for the treatment of Chinese CHB patients. [21] Our results are also consistent with the moderate correlation between baseline HBV DNA levels and HBsAg levels [22] because in our study, baseline serum HBsAg level was positively correlated with baseline HBV DNA levels. A previous study has demonstrated that the HBsAg titer at baseline can help predict the HBsAg seroclearance. [23] However, the baseline HBV DNA level does not influence the declining rate of HBsAg titer. These results are not surprising because serum HBsAg is produced not only from transcriptionally active cccDNA, but also from integrated HBV DNA sequences. [24] Serum HBsAg particles in the peripheral blood are found in two forms: virion-associated HBsAg and empty HBsAg subviral particles, with a much lower proportion of the former than the latter. [25] During 7 years of ETV treatment, the serum HBsAg titers continuously decreased. The median rate of HBsAg reduction during the 1 st year of ETV treatment was significantly higher than in the following years (except the 5 th and 7 th years), which is similar to the results observed with tenofovir therapy. [26] After the 1 st year of ETV therapy, strong suppression of viral replication could lead to a rapid reduction of HBV DNA-containing virions and the synthesis of new cccDNA, resulting in a greater rate of HBsAg reduction. During the following years of treatment, NA therapy inhibits only the HBV reverse transcription step, but has a small effect in reducing intrahepatic cccDNA levels or integrated HBV DNA sequence. [27] In addition, there are more episomal HBV DNA-containing virions entering the hepatocyte than exocytosed into the peripheral circulation, leading to a replenishment of cccDNA. [26] Finally, the production or secretion of empty HBsAg subviral particles is minimally affected by NA therapy.
[4] Therefore, the rates of HBsAg reduction in the subsequent years of ETV therapy were slower than in the 1 st year.
We found that old age is associated with HBsAg reduction. It is well known that the HBsAg seroclearance rate increased with increasing age in untreated CHB patients, [28, 29] indicating that old age is independent of ETV treatment.
The specificity of the host immune response in enhanced with age increasing, accompanied by destruction of HBV infectious liver cells, which causes a decline in functional liver cells combined with an increase in liver fibrosis. Finally, liver intracellular HBV particles gradually reduce, causing a decrease in the level of HBsAg.
[30] Our results also showed that two during-treatment factors influenced the rate of HBsAg reduction: HBeAg seroclearance and HBsAg reduction ≥0.5 log 10 IU/ml at 6 months. HBeAg seroclearance at the 6 th month of ETV therapy was found in 18.42% of patients and an HBsAg reduction ≥0.5 log 10 IU/ml at 6 months was found in 34.04% of patients. Both factors had a high negative predictive value for HBsAg seroclearance. In addition, among 4 patients who achieved HBsAg seroclearance, patients 28 and 44 achieved HBeAg seroclearance at 6 months and patients 15, 28, and 44 had a serum HBsAg drop ≥0.5 log 10 IU/ml at 6 months. The HBsAg reduction rate in the early stage was also correlated with the subsequent serum HBsAg reduction rates, which supports a similar previous finding. [14, 31] The HBeAg seroclearance and/or the serum HBsAg reduction ≥0.5 log 10 IU/ml at 6 months indicate a rapid decrease in cccDNA levels and a strong host immune response. Therefore, measurement of HBeAg status and HBsAg levels at 6 months of therapy is the optimal timing for the early prediction of HBsAg seroclearance after 7 years of ETV therapy in CHB patients.
The major limitation of our study is the small number of patients. This might have influenced our estimates of factors associated with the HBsAg reduction rate, and might also have influenced the predictive validity of HBeAg seroclearance or HBsAg reduction ≥0.5 log 10 IU/ml at 6 months. Therefore, these observations in a small sample size should be further assessed in larger sample prospective studies.
While our study included a few patients who underwent previous treatment with LAM, none of those patients had taken any antiviral drugs for at least 6 months prior to ETV treatment. Furthermore, those patients who had received LAM before the study received ETV at a dose of 1.0 mg daily. According to previous studies, treatment history and the dose of ETV (1.0 mg) might not significantly affect the results. [32, 33] Moreover, our study included only those patients who had responded favorably during ETV therapy.
In conclusion, serum HBsAg levels decreased gradually during 7 years of ETV treatment. The median rate of HBsAg reduction during the 1 st year of treatment was higher than that in the following years. HBeAg seroclearance and/or an HBsAg reduction ≥0.5 log 10 IU/ml at 6 months had a high negative predictive value for HBsAg seroclearance. If prospectively validated in a larger number patient cohort, HBeAg status and HBsAg level measurements at an early stage would represent a useful additional tool to optimize antiviral therapy, thereby achieving superior clinical results and preserving medical resources.
